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Moving From Lumenography to Plaque Assessment*René M. Botnar, PHD,y Won Yong Kim, MDzT he concept of vulnerable coronary ather-osclerotic plaques prone to cause acutecoronary syndrome (ACS) was originally pro-
moted by histopathologic autopsy studies in patients
dying from myocardial infarction (1). Because tradi-
tional risk factors are ineffective in predicting cardio-
vascular risk much attention has therefore focused on
developing imaging modalities that are capable of
detecting morphological features associated with
vulnerable coronary plaques. The rationale is that
early detection of subclinical coronary artery disease
may lead to earlier and more effective treatment
that may reduce the incidence of ACS. However,
now more than 3 decades later, such an approach
has not been successfully implemented for several
reasons.
The natural history of vulnerable coronary
atherosclerotic plaques is not well understood. Apart
from a few prospective studies, such as the PROS-
PECT (Providing Regional Observations to Study
Predictors of Events in the Coronary Tree) study that
demonstrated only modest predictive value of intra-
vascular ultrasonography to predict recurrent coro-
nary events (2), limited information regarding the
predictive value of plaque morphological features is
available. Coronary computed tomography angiog-
raphy veriﬁed that positive remodeling and low
attenuation plaques, which are considered morpho-
logical characteristics of high-risk plaque, can predict
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this paper to disclose.and mid-term (on average 3.9 years follow-up) (4) risk
of ACS in patients with known or suspected coronary
artery disease. During mid-term follow-up ACS
occurred in 88 (2.8%) patients. In those 88 patients,
45 (51%) patients developed ACS in high-risk lesions,
whereas 43 (49%) patients developed ACS in lesions
considered non-high-risk (4). Consequently, the cu-
mulative number of ACS patients with high-risk pla-
que was similar to patients with coronary plaques
considered non-high-risk.
The lessons from these studies are that at present
image-based detection of high-risk coronary plaques
can identify high-risk patients compared with very
low-risk patients. However, because coronary pla-
ques without high-risk morphological features occur
much more frequently, the cumulative incidence of
ACS patients with high-risk plaques will be similar to
patients with non-high-risk coronary plaques. One
view has been that current imaging parameters are
only surrogate markers of plaque vulnerability and
therefore ﬂawed. Another legitimate viewpoint is that
focus should be aimed at assessing total atheroscle-
rotic disease burden rather than searching for indi-
vidual vulnerable plaques, which one by one are less
likely to progress to clinical symptoms than previ-
ously thought (5). The idea of image-based risk
stratiﬁcation to prevent ACS in asymptomatic pa-
tients is therefore currently under scrutiny. Further-
more, the increasing economic burden of noninvasive
testing in cardiology emphasizes the need to intro-
duce only cost-effective strategies to reduce cardio-
vascular mortality and morbidity.
One appealing imaging approach is to identify very
high-risk patients with a high likelihood of devel-
oping ACS, because such an approach would likely be
cost-effective in view of the very effective therapy
available to prevent ACS. Coronary thrombosis or
atherothrombosis is the cornerstone in the patho-
genesis of ACS and therefore direct visualization of
coronary thrombosis is very likely to identify such
high-risk patients. Intraplaque hemorrhage derived
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1154from angiogenesis is another much debated feature of
vulnerable plaques. Often, these 2 conditions coexist
and may even be difﬁcult to separate from each other
(6). Cardiovascular magnetic resonance (CMR) is a
noninvasive imaging modality with great potential to
improve current morphological coronary plaque
assessment. However, technical issues related to im-
aging the coronary arteries have hampered wide-
spread usage of this modality. One unique feature of
CMR is the ability to selectively image methemo-
globin by T1-weighted non-contrast-enhanced tech-
nique (7). Essentially this means that CMR has a high
sensitivity and speciﬁcity for detecting subacute
coronary thrombus (8,9) or intraplaque hemorrhage
(10). T1-weighted CMR has been validated and
compared with histopathology in several studies of
carotid atherosclerosis (7), whereas only a few coro-
nary studies are available (8–10). In this issue of
iJACC, Matsumoto et al. (11) have demonstrated forSEE PAGE 1143the ﬁrst time that CMR-based detection of coronary
thrombus or intraplaque hemorrhage is related to
the clinical severity of the patient’s angina pectoris
symptoms and furthermore seems to reﬂect different
coronary plaque morphologies as validated by opti-
cal coherence tomography. The study cohort of 100
patients with angina pectoris included 100 culprit
lesions deﬁned as $50% luminal diameter reduction
based on invasive coronary angiography. The major
ﬁndings were that the presence of intraluminal
thrombus detected by CMR was associated with the
presence of unstable angina. Thus, 50% of patients
with intraluminal thrombus experienced rest angina,
whereas most patients without signs of intraluminal
thrombus or intrawall hemorrhage had stable angina
pectoris. Furthermore, compared with optical
coherence tomography, the ﬁnding was that coro-
nary lesions with intrawall hemorrhage were asso-
ciated with macrophage accumulation and the
absence of calciﬁcation, whereas thrombus and
intimal vasculature visualized by optical coherence
tomography were associated with the presence ofintraluminal thrombus as detected by CMR. Overall,
the present study with a limited sample size should
be considered a proof-of-concept study demon-
strating the potential of CMR to detect coronary
thrombus and even intrawall hemorrhage. The
current implementation of CMR-based coronary ar-
tery imaging is hampered by motion artifacts and
suboptimal spatial resolution because of limited
signal-to-noise ratio that makes routine scanning
less than trivial. Therefore, further improvements
in CMR technology are needed before imaging of
the coronary arteries can be performed routinely
outside of specialized academic centers with high
expertise.
Nevertheless, the ﬁndings of the study clearly have
important implications and raise hope that eventually
image-based risk stratiﬁcation will be of beneﬁt to
patients. CMR signs of intracoronary thrombus and
intrawall hemorrhage were a very frequent ﬁnding in
this cohort of symptomatic patients, being present in
24% and 37% of culprit lesions, respectively. There-
fore, it seems that CMR may become an appropriate
candidate to identify very high-risk patients with
advanced coronary artery disease. This could in the
future lead to individualized and tailored medical and
interventional therapy of high-risk patients. Further
studies are needed to validate the present ﬁndings
and to accumulate hard endpoints to deﬁne the in-
cremental prognostic value of such surrogate imaging
parameters. On the road to successful implementa-
tion of such sophisticated imaging modalities signif-
icant technical advances must be made to simplify
and accelerate data acquisition and several ap-
proaches are already on the horizon (12–14). In the
mean time researchers are obliged to use CMR and
other noninvasive coronary imaging techniques to
enhance understanding of the natural history of cor-
onary atherothrombosis.
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